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Method for control of an internal combustion engine 
in order to regenerate exhaust-gas purifying means, 
and associated device. 

The present invention relates to a method for control of an internal 
combustion engine, especially in order to regenerate purifying means associated 
with the engine, and to an associated control device. 

Efforts are made to reduce the polluting emissions of motor vehicles equipped 
with internal combustion engines, especially the emissions of carbon monoxide 
(CO), nitrogen oxides (NOx) and unburned hydrocarbons (HC). 

This is accomplished by disposing, in a manner known in itself, exhaust-gas 
purifying elements such as catalytic converters, of the nitrogen oxides trap type, 
capable of favoring oxidation or reduction of these polluting emissions in order to 
transform them into emissions considered to be non-polluting. 

In the catalytic converters, the nitrogen oxides are retained on active sites of 
catalytic elements that favor their reaction with reducing agents present in the 
exhaust gases. Phases of purging of the catalytic elements are provided, in which the 
composition of the exhaust gases is modified in order to favor elimination of the 
nitrogen oxides trapped on the catalytic sites of the catalytic elements. 

During a purge phase, the composition of the exhaust gases can be 
determined by measurements using a proportional oxygen sensor situated on an 
exhaust-gas line upstream from the purifying means, in order to know the 
composition of the exhaust gases entering the purifying means and thus to be able to 
exert better control over elimination of the trapped nitrogen oxides. The 
proportional oxygen sensor makes it possible more particularly to know the fuel/ air 
richness of the exhaust gases. 

On the basis of the signal delivered by the sensor, it will be possible, for 
example, by means of a feedback loop, to act on the injectors in order to modify the 
combustion mixture and the composition of the exhaust gases emerging from the 
engine. 
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It may be desirable to provide, for control of an internal combustion engine, a 
method having improved reliability and a reduced operating cost. 

The present invention relates to a method for control of an internal 
combustion engine, which can be applied on the basis of an engine of simple design, 
having a limited number of elements, which makes it possible to reduce the cost of 
manufacture of the engine and to improve the reliability of the engine. 

The present invention also relates to a method for control of an engine, 
permitting the use of elements that are more robust and better adapted to the engine 
environment. 

In such a method for control of an internal combustion engine in order to 
regenerate exhaust-gas purifying means disposed on an exhaust line of the engine, 
the composition of the exhaust gases is analyzed only downstream from the 
purifying means during a phase of regeneration of the purifying means, and an 
engine control signal is created on the basis of the said analysis in order to modify 
the composition of the exhaust gases upstream from the purifying means. 

The analysis of the exhaust gases downstream from the purifying means 
makes it possible more accurately to detect the end of a phase of purging, for 
example of a nitrogen oxides trap, by a change of the composition of the exhaust 
gases downstream from the purifying means. The engine control based on a 
downstream analysis of the purifying means makes it possible to avoid the use of 
supplementary analysis means upstream from the purifying means, which 
supplementary would be additionally exposed to the high temperature and pressure 
of the exhaust gases directly at the engine outlet. 

In one embodiment, the composition of the exhaust gases is modified by 
modifying the composition of the combustion mixture. 
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In one embodiment, the composition of the exhaust gases is analyzed by 
means of an oxygen sensor of the all-or-nothing type or of the proportional type 
situated downstream from the purifying means. It has been observed that the signal 
delivered by an oxygen sensor of the all-or-nothing type, or in other words of the 
"lambda" type, or of the proportional type, disposed downstream from the 
purifying means, is substantially proportional to the fuel/ air richness of the exhaust 
gases upstream from the purifying means during a purge phase, and might be 
advantageously used for regulation of the composition of the exhaust gases. 

The signal delivered by a lambda sensor depends on the operating 
temperature of the lambda sensor. Advantageously, provisions can be made to 
control the operating temperature of the sensor. 

To create an engine control signal, the output signal of the sensor can be 
compared with a reference value and a control signal can be created that reduces the 
difference between the output signal of the sensor and the reference value. The 
control signal is a control signal that makes it possible to influence the composition 
of the exhaust gases in controlled manner. 

In one embodiment, the end stage of a regeneration phase is detected on the 
basis of a control signal for modification of the composition of the exhaust gases. It 
has been observed that an end stage of purging might be detected on the basis of a 
signal delivered by a lambda sensor disposed downstream from the purifying 
means. In the case of regulation of the composition of the exhaust gases situated 
downstream on the basis of the output signal of a sensor downstream from the 
purifying means, the said output signal is regulated and may prove difficult to use 
in order to detect the end of a purge stage. Nevertheless, the control signal created 
on the basis of the measured signal can be used to detect the end of a purge phase. 

The invention also relates to a control device for regeneration of exhaust-gas 
purifying means disposed on an exhaust line of an internal combustion engine, 
comprising a control module capable of modifying the fuel injection and an oxygen 
sensor disposed on the exhaust line directly downstream from the purifying means. 
During a phase of regeneration of the purifying means, the control module is 
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capable of causing a modification of the composition of the exhaust gases solely as a 
function of an output signal of the said oxygen sensor. 

Advantageously, the oxygen sensor is of the all-or-nothing or "lambda" type 
or of the proportional type. 

The device may additionally comprise means for controlling the operating 
temperature of the sensor. 

Preferably the device comprises a detection module capable of detecting the 
end of a regeneration phase as a function of a control signal produced by the control 
module. 

The present invention and its advantages will be better understood from a 
study of the detailed description of an embodiment chosen by way of example and 
in no way limitative, illustrated by the attached drawings, wherein: 

- Fig. 1 is a schematic overall view of a drive assembly for a motor vehicle 
equipped with exhaust-gas purifying means; 

- Fig. 2 is a graph illustrating an output signal of an oxygen sensor of the 
lambda type situated downstream from the purifying means, according to one 
aspect of the invention; 

- Fig. 3 is a graph illustrating a control signal created on the basis of the 
output signal according to Fig. 2; and 

- Fig. 4 is a block diagram representing a control module according to one 
aspect of the invention. 

In Fig. 1, a drive assembly denoted on the whole by 1 comprises an internal 
combustion engine 2, an air-intake line 3, an exhaust line 4, a fuel-supply device 5 
and a control unit 6. 
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Internal combustion engine 2 comprises combustion chambers or cylinders 7, 
in this case four, represented by dotted circles. 

Supply line 3 comprises an intermediate supply conduit 8 discharging at one 
end into an intake manifold 9 having one inlet and four outlets to distribute an 
intake-air flow in combustion chambers 7, and equipped on the opposite side with 
an intake-air flow-control element 10 in the form of an intake butterfly valve 11 
disposed between intermediate conduit 8 and an air intake, not illustrated in the 
drawing. 

Exhaust line 4 comprises an intermediate exhaust conduit 12, one inlet of 
which is connected to an exhaust manifold 13 with four inlets and one outlet, to 
collect and channel an exhaust-gas flow emerging from cylinders 7 of engine 2, an 
outlet of intermediate exhaust conduit 12 being connected to an exhaust-gas 
purifying means in the form of a catalytic converter 14, which can be, for example, of 
the nitrogen oxides trap type, and which is disposed upstream from a terminal outlet 
of exhaust line 4, not illustrated in the figure. 

Fuel supply device 5 comprises a fuel tank 15, a common rail 16 and injectors 
17, in this case four, provided for injection of fuel directly into cylinders 7 of engine 
2. Common rail 16 is connected to tank 15 via a supply conduit 18, and by a supply 
system 19 connecting supply conduit 18 to tank 15. As an example that is in no way 
limitative, the supply system can comprise a high-pressure supply pump, itself 
supplied from the tank by a low-pressure pump or "supercharger" pump. Injectors 
17 are connected to common rail 16 via injection conduits 20. Supply system 19 is 
controlled so that it fills common rail 16 with fuel and maintains a setpoint pressure 
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in common rail 16, serving as pressure reserve for the supply of each of injectors 17. 

Control unit 6 is designed to create control signals for butterfly valve 11 and 
injectors 17. Control unit 6 can also be designed to control other elements (not 
illustrated) for execution of elementary functions of the engine (exhaust-gas 
recirculation valve, etc.). 

Control unit 6 is connected via control links 21, 22 respectively to an actuator 
(not illustrated) that controls the position of butterfly valve 11, and to injectors 17. 

Drive assembly 1 comprises a turbo device for accelerating the intake air. The 
turbo device comprises a turbine 29 disposed on intermediate exhaust conduit 12 
downstream from exhaust manifold 13, turbine 29 driving, by means of a turbo shaft 
30, represented schematically by a line, a compressor 31 disposed on intermediate 
intake conduit 8, upstream from intake manifold 9. 

Control unit 6 uses, for creation of control signals, measured signals 
originating from an oxygen sensor 23 of the lambda or proportional type situated on 
exhaust line 4 directly downstream from catalytic converter 14. Control unit 6 is 
connected to sensor 23 via a measuring link 24. 

During operation, control unit 6 creates, on the basis of any signal necessary 
or useful for controlling the internal combustion engine, such as the position signal 
of an accelerator pedal, the speed of rotation of the engine or the load applied to the 
engine, or a coolant fluid temperature, etc., signals for control of butterfly valve 11 
and injectors 17 as well as other elements for execution of elementary functions 
associated with the engine. During a phase of purging of catalytic converter 14, 
control unit 6 adapts the control of injectors 17 to take into account a measured 
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signal originating from lambda sensor 23, as will be described in more detail 
hereinafter. 

Of course, the invention is not limited to the case in which injectors 17 are 
influenced in order to modify the composition of the exhaust gases. Provisions could 
also be made to control any element for execution of elementary functions of the 
engine making possible to influence the composition of the exhaust gases. 

In Fig. 4, described by retaining the references for elements similar to those of 
Fig. 1, control unit 6 comprises a comparator 25 with two inputs and one output, the 
said comparator 25 receiving at the input not only a reference or setpoint value C 
originating from a reference module 28 but also the output signal Sm of sensor 23. At 
its output, comparator 25 delivers the difference E, defined as the difference between 
reference value C and output signal Sm. The difference E is sent to the input of a 
control module 26 capable of creating a control signal Sc. 

Control signal Sc is transmitted either directly to an element for execution of 
an elementary function of the engine, such as injectors 17, or via different control 
means. In this second case, control signal Sc can be a signal for correction of a 
primary control signal created elsewhere by a primary control module (not 
illustrated), for example to lengthen or shorten the opening time of injectors 17 
determined by the primary control module, in order to increase or decrease 
respectively the richness of a combustion mixture. 

Control unit 6 also comprises a detection module 27 that at its input receives 
control signal Sc created by control module 26, the detection module being capable 
of detecting, on the basis of control signal Sc, the end of a purge phase, as will be 
described in more detail hereinafter with reference to Figs. 2 and 3. At its output, 
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detection module 27 delivers a detection signal Sd, which is transmitted to control 
means (not illustrated) of control unit 6, which is capable of causing the purge phase 
to stop. 

In Fig. 2, described by retaining the references used for the description of Figs. 
1 and 4, an output signal Sm output signals of sensor 23 during a purge phase are 
plotted on a graph in which the abscissa is the time and the ordinate is the level of an 
output signal Sm. 

A first signal Si represented by a solid line corresponds to the output signal of 
lambda sensor 23 obtained in the case of creation of a control signal Sc by regulation 
on the basis of first signal Si. A second signal S2, coinciding with the first signal Si 
except between an intermediate instant T2 and a final instant T3 of a purge phase, is 
represented by a dotted line. Second signal S2 corresponds to an output signal that 
would be obtained from a lambda sensor disposed downstream from catalytic 
converter 14 during a purge phase, but without modification of an exhaust-gas 
composition upstream from the catalytic converter controlled solely on the basis of 
the output signal of the said lambda sensor. 
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Second signal S2 is zero before an initial instant Tl at the start of the purge 
phase and after a final instant T3 at the end of the purge phase. Immediately after 
initial instant Tl, second signal S2 reaches a first plateau value VI and remains at this 
first value VI substantially until an intermediate instant T2. Immediately after 
intermediate instant T2, corresponding to the end of reduction of the nitrogen oxides 
trapped in the nitrogen oxides trap, second signal S2 rises to a second plateau value 
V2 higher than first value VI. The second value is maintained until final instant T3, 
from which second signal S2 drops back to the value zero. 

First signal Si reaches first value VI after the initial instant Tl, and 
substantially maintains this value until final instant T3, from which it drops to the 
value zero. First signal Si deviates slightly from first value VI around the 
intermediate instant. First value VI corresponds to setpoint C. 

At the start of a purge phase, between initial instant Tl at the start of purging 
and intermediate instant T2, sensor 23 produces a measured signal Sm representative 
of the oxygen content of the exhaust gases downstream from catalytic converter 14. 
It has been seen that this measured signal is proportional to the fuel/ air richness of 
the exhaust gases. As a function of the difference E between measured signal Sm, 
control module 26 determines a control signal Sc applied to injectors 17 and making 
it possible to vary the fuel/ air richness of the combustion mixture and consequently 
the composition of the exhaust gases. The regulation loop formed by control module 
26 has the effect of obtaining a composition of the exhaust gases that maintains 
measured signal Sm of sensor 23 substantially equal to setpoint C. 
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Between initial instant Tl and intermediate instant T2, the nitrogen oxides 
adsorbed on the active sites of catalytic converter 14 are eliminated by oxidation- 
reduction reactions. 

Starting from intermediate instant T2, the nitrogen oxides adsorbed by the 
catalytic elements of catalytic converter 14 are substantially eliminated. From that 
point, if the control signal is not changed, the composition of the exhaust gases 
downstream from catalytic converter 14 is modified, because the reducing agents 
present in the exhaust gases are no longer being oxidized. In particular, a 
concentration of hydrogen (H2), which is a nitrogen oxides reducing agent to which 
the oxygen sensor is sensitive, increases in the exhaust gases. This modification of 
the composition of the exhaust gases would cause output signal Sm to change from 
first value VI to second value V2, as illustrated by second signal S2. Second value V2 
is in fact a saturation value of the oxygen sensor. 

Because of the regulation, output signal Sm remains substantially constant, as 
illustrated by signal Si, but the composition of the exhaust gases is modified. 

In Fig. 3, described by retaining the references used for Figs. 1, 2 and 4, a 
control signal Sc created by control module 26 and corresponding to first measured 
signal Si of Fig. 2 is represented schematically on a graph in which time is plotted on 
the abscissa and the value of control signal Sc is plotted on the ordinate. 

Control signal Sc, represented by a solid line, is zero before initial instant Tl 
and after final instant T3. Control signal Sc reaches a first control value CI after 
initial instant Tl, maintains this value until intermediate instant T2, then reaches a 
second control value C2, which it maintains substantially until final instant T3. 
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The jump of control signal Sc after intermediate instant T2 corresponds to the 
end of reduction of the nitrogen oxides and to the ensuing modification of the 
composition of the exhaust gases downstream from catalytic converter 14. By virtue 
of the regulation, control signal Sc is modified in such a way that measured signal Si 
remains substantially equal to setpoint value C (Fig. 2) and does not exhibit any 
jump to second value V2. In contrast, the control signal itself does exhibit a 
corresponding jump. 

The jump of control signal Sc between the first plateau and the second plateau 
makes it possible to detect the end of purging of the nitrogen oxides and the 
transition to a final stage of a purge phase. In fact, it will be possible to detect when a 
threshold of the first derivative of control signal Sc is crossed at instant T2, when the 
value of the second derivative of control signal Sc becomes zero substantially at 
instant T2, or even to detect when a threshold of the difference between the value of 
the instantaneous signal and the sliding mean value of control signal Sc is crossed. 

If such a jump is detected, detection module 27 creates a detection signal, 
indicating that the purge phase must be stopped. 

It will be noted that, for reasons of clarity, the time interval between the 
intermediate time and the final time has been exaggerated relative to the time 
interval between the initial time and the intermediate time. The time interval 
between the intermediate time and the final time is short, since purging is stopped as 
soon as the end of purging is detected. 
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Furthermore, since an oxygen sensor, especially a lambda sensor, is sensitive 
to its operating temperature, it will be possible to provide means to keep the 
temperature of the lambda sensor constant. It will be possible to provide a circuit 
equipped with a lambda-sensor temperature detector and associated with a lambda- 
sensor power supply, in order to control a supply voltage of the lambda-sensor 
heater in such a way as to adjust the temperature of the lambda sensor. 
Alternatively, it will be possible to compensate for the measurements delivered by 
the lambda sensor as a function of the temperature of the lambda sensor. 

By virtue of the invention, it is possible to control an internal combustion 
engine in order to implement phases of purging of exhaust-gas purifying means by 
using an analysis of the composition of the exhaust gases solely downstream from 
the purifying means. A single sensor can be employed, which reduces the 
complexity of a control device. In addition, it is possible to use for analysis of the 
composition an oxygen sensor of the lambda type, more robust and less sensitive to 
pressure than the oxygen sensors of the proportional type. It will be possible to 
dispose the purifying means and the associated downstream lambda sensor on the 
exhaust line close to the outlet of the combustion chambers of the engine. The rapid 
response time of lambda sensors, especially by comparison with proportional 
oxygen sensors, will also make it possible to improve the regulation of the 
composition of the exhaust gases. Moreover, the end of a purge phase can be 
detected by analysis of a control signal created from the output signal of the sensor. 



